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(57) ABSTRACT

An electric motor includes a stator and a rotor rotatably
installed 1n the stator. The stator includes a pair of end caps
disposed at opposite ends thereof, and a pair of bearings
respectively fixed to outer surfaces of the end caps from
outside thereot. The rotor includes a shatt pivotally supported
by the bearings.

14 Claims, 3 Drawing Sheets
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1
ELECTRIC MOTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This non-provisional patent application claims priority
under 35 U.S.C. §119(a) from Patent Application No.
201010548746.8 filed 1n The People’s Republic of China on
Nov. 15, 2010.

FIELD OF THE INVENTION

This invention relates to an electric motor and 1n particular,
to a small electric motor which may be used for electrical
appliances, such as power tools.

BACKGROUND OF THE INVENTION

A stator of a traditional electronically commutated motor
usually comprises a pair of end caps located at opposite axial
ends thereof and four bolts located outside of the stator and
fixed to the end caps at four spaced locations thereof. A
cooling fan 1s typically located 1nside the stator, within one of
the end caps.

However, the bolts located outside of the stator occupy
extra space, which 1s contrary to the trend of miniaturization.
Furthermore, the size of the fan located inside the stator 1s

limited by the size of the end caps, which limaits the cooling
capability of the fan.

SUMMARY OF THE INVENTION

Hence there 1s a desire for a motor in which the end caps are
fixed to the stator core without the use of bolts passing from
one end cap to the other, through the stator core.

Accordingly, 1n one aspect thereof, the present invention
provides an electric motor comprising: a stator core having,
first and second ends; first and second end caps fixed with
respect to the stator core; first and second bearings respec-
tively fixed to the end caps; and a rotor installed 1n the stator,
the rotor comprising a shait rotatably supported by the bear-
ings, wherein the bearings are fixed to the end caps from
outside of the end caps and the bearings clamp the end caps to
the stator core.

Preferably, each end cap defines a stepped hole which
comprises a large section near an outer surface of the end cap
and a small section near an inner surface of the end cap, the
shaft of the rotor extending through the large section and the
small section which are coaxial with the shaft, each bearing
being received 1n the large section of the corresponding
stepped hole.

Preferably, the stator core comprises a yoke and a plurality
of teeth extending inwardly trom the yoke, each tooth having
a pole shoe which contronts the rotor, the motor further com-
prising: windings wound about respective teeth of the stator
core, and a plurality of locking members engaging the stator
core and the end caps to space the end caps from the stator
core.

Preferably, the locking members are elongate pins with
grooves 1n opposite sides thereotl and extend through gaps
between the pole shoes of adjacent teeth, circumierential
edges of the pole shoes being received 1n corresponding
grooves of the locking members.

Preferably, the locking members extend from the first end
cap to the second end cap, with respective ends of each
locking member engaging a corresponding end cap.
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Preferably, the locking members have at least one position
slot cooperating with an axial end of the pole shoes to position

the pins 1n the axial direction of the motor.

Preferably, some of the locking members are mserted nto
the stator from the first end of the stator core and the remain-
ing locking members are inserted into the stator from the
second end of the stator core.

Preferably, the locking members have locking holes, the
end caps have through holes corresponding to the locking
holes and fasteners extend through the through holes and
engage with the corresponding locking holes.

Alternatively, the locking members have locking holes 1n
the axial ends thereot, the end caps have through holes or
locking posts corresponding to the locking holes, and one of
the locking holes of each locking member 1s engaged with a
locking post and the other of the locking holes 1s engaged with
a fastener which extends through a corresponding through
hole.

Alternatively, the locking members have locking holes 1n
the axial ends thereot, and the end caps have locking posts
respectively disposed within the locking holes.

Alternatively, the end caps have a plurality of locating
holes and the ends of the locking members are respectively
disposed in the locating holes.

Preferably, the rotor further comprises a fan attached to the
shaft, the fan being disposed at one end of the stator outside
the corresponding end cap.

Preferably, one end of the second bearing extends out-
wardly beyond an outer surface of the second end cap, and
blades of the fan surrounds the end of the second bearing.

Preferably, one end of the first bearing extends outwardly
beyond an outer surface of the first end cap.

Preferably, the motor 1s connected to a gearbox which has
a casing, the casing having a through hole through which the
shaft of the motor extends, the outer end of the first bearing
being fixedly received 1n the through hole.

According to a second aspect, the present ivention pro-
vides an electric motor comprising: a stator core; first and
second end caps fixed with respect to the stator core; first and
second bearings respectively fixed to the end caps; a rotor
installed in the stator core, the rotor comprising a shaft rotat-
ably supported by the bearings, and a gearbox having a casing
fixed to the outer surface of the first end cap, wherein an end
of the first bearing extends outwardly beyond an outer surface
of the first end cap and 1s fixedly received in a through hole of
the casing to align the casing with the shatft.

Preferably, each end cap defines a stepped hole which
comprises a large section near an outer surface of the end cap
and a small section near an 1nner surface of the end cap, the
shaft of the rotor extending through the large section and the
small section which are coaxial with the shait, each bearing
being received in the large section of the corresponding
stepped hole.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the mvention will now be
described, by way of example only, with reference to figures
of the accompanying drawings. In the figures, 1dentical struc-
tures, elements or parts that appear in more than one figure are
generally labeled with a same reference numeral 1n all the
figures 1n which they appear. Dimensions of components and
teatures shown 1n the figures are generally chosen for conve-
nience and clarity of presentation and are not necessarily
shown to scale. The figures are listed below.

FIG. 1 illustrates an electric motor in accordance with a
preferred embodiment of the present invention;
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FI1G. 2 1s a longitudinal sectional view of the motor of FIG.
1

FI1G. 3 1llustrates the motor with end caps, bearings and fan
thereof removed;

FI1G. 4 1llustrates a locking member of the motor;

FIG. 5 1s a longitudinal sectional view of the motor
assembled with a casing of a gearbox;

FIG. 6 illustrates the casing of the gearbox of FIG. §; and

FI1G. 7 illustrates a modified connection between a locking,
member and an end cap.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 to 5 illustrate an electric motor according to a
preferred embodiment of the present invention. The motor
comprises a stator and a rotor. The stator comprises a stator
core 10, windings 20 wound on the stator core 10 and a pair of
end caps 30 disposed at opposite axial ends thereof. A pair of
bearings 50 1s respectively fixed to outer surfaces of the end
caps 30 from outside of the end caps 30. The rotor comprises
a shaft 70 pivotally supported by the bearings 50.

Referring to FIG. 2, each end cap 30 defines a stepped hole
32 comprising a large section extending inwardly from the
outer surface of end cap 30 and a small section extending
outwardly from the inner surface of the end cap 30. The large
section 1s coaxial with the small section. A shoulder 1s formed
between the large section and the small section. The bearings
50 are respectively fixedly received 1n the large sections of the
corresponding stepped holes 32 by being pushed mwardly
from outside of the end caps 30. Inner ends of the bearings 50
abut against the corresponding shoulder and outer ends 52 of
the bearings 50 are exposed outside of the end caps 30.

Referring to FIG. 3, the stator core 10 1s made of magnetic
material, for example but not limited to iron. The stator core
10 comprises a yoke 12 and a plurality of teeth 14 extending
radially inwardly from the yoke 12. A pole shoe 16 extending,
along the circumierential direction of the motor 1s formed at
the mner end of each tooth 14. The windings 20 are wound
about the teeth 14. In FIG. 3 only one coil 1s shown.

The stator further comprises a plurality of locking mem-
bers 60, as shown in FIG. 4, configured to secure or {ix the end
caps 30 to the stator core. The locking members 60 space the
end caps 30 from the stator core. Preferably, each of the
locking members 60 extends from one end cap 30 to the other
end cap 30 through a slot formed between adjacent teeth 14.
In this embodiment, the locking members 60 are elongate
locking pins. Preferably, the locking members 60 are made of
a non-magnetic material, such as plastic or aluminum so as to
not interfere with the magnetic path of the motor. Each pin 60
has a pair of guiding grooves 62 1n opposite sides thereof for
receiving the corresponding pole shoes 16. One end of the
guiding grooves 62 extend through one end of the pin 60 and
the other end of the guiding grooves 62 are spaced from the
other end of the pin 60. A locking hole 64 1s defined 1n each
axial end of the pin 60. A pair of transverse position slots 66
1s respectively formed between the other end of the pin 60 and
the other ends of the guiding grooves 62. The position slots 66
communicate with and are perpendicular to the correspond-
ing guiding grooves 62.

Each end cap 30 may have a plurality of through holes 34
corresponding to the locking holes 64 of the pins 60. In
assembly, one end of the pin 60 is 1nserted into the stator by
sliding the guiding grooves 62 along the pole shoes 16 until
the axial ends of the pole shoes 16 abut/contact the axial
boundary of the transverse position slot 66 near the other end
of the pin 60. Fasteners such as screws 33 extend through the
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through holes 34 of the end caps 30 and engage the locking
holes 64 of the pins 60 to thereby fix the end caps 30 with the
pins 60.

Alternatively, the end cap 30 may have locking posts 36
integrally formed there with and extending from the inner
surface thereof. The locking posts 36 are receirved in the
corresponding locking holes 64 of the pins 60. Preferably, one
locking hole 64 ofthe pin 60 1s engaged with a locking post 36
and the other locking hole 64 of the pin 60 1s engaged with a
fastener which extends through a through hole 34 of the end
cap 30. In this embodiment, the stator has six teeth 14 and six
locking pins 60 extend through respective slots formed
between adjacent teeth 14. Each end cap 30 comprises three
through holes 34 to allow fasteners to extend there through to
engage 1n the locking holes 64 of three pins 60 and three
locking posts 36 engaged 1n the locking holes 64 of the other
three pins 60. Preferably, the locking pins 60 are alternately
inverted, meaning three pins are inserted from one end of the
stator core and the remaining three pins are iserted from the
other end of the stator core, thus fixing the axial position of the
stator core between the end caps.

Alternatively, the end caps 30 may be fixed to the locking
pins by locking projections only, with the bearings providing
the clamping force clamping the end caps to the locking pins.
In this arrangement no fasteners are used to {ix the locking
pins to the end caps. Optionally, the locking projections may
be replaced by locating holes 38 formed 1n the end caps to
receive ends of the locking pins 60 as shown 1n FIG. 7. The
locating holes 38 may be through holes requiring shoulders to
be formed on the locking members or blind holes or recesses,
in which case the ends of the locking members may bear
directly against the end cap.

The rotor further comprises a rotor core 72 fixed on the
shaft 70 and permanent magnets 74 fixed on the rotor core 72.
The magnets 74 face the windings 20. The shaft 70 extends
through the stepped holes 32 of the end caps 30. A fan 80 1s
mounted to one end of the shatt 70 and located outside of the
end cap 30. Preferably, the fan 80 1s a centrifugal blower, also
known as a radial fan. When rotating, the fan 80 generates
airflow passing through the 1nside of the stator to cool the
stator core 10 and windings 20. Alternatively, the fan 80 may
be an axial fan with an outer diameter greater than that of the
stator core 10 such that one part of the airflow generated by
the fan 80 may pass through the inside of the stator and
another part of the airtflow may flow over the outer surface of
the stator core 10.

Optionally, the bearing adjacent the fan may be arranged
such that the outer end of the bearing 1s exposed and the
blades of the fan arranged to radially surround the exposed
end of the bearing to aid cooling of the bearing. This is
particularly beneficial when the end cap 1s made of plastic.

Referring also to FIGS. 5 & 6, the size of the bearing 50 1n
the axial direction 1s greater than that of the large section of
the stepped hole 32 such that the outer end 52 of the bearing
50 extends beyond the outer surface of the end cap 30 and 1s
exposed to the outside of the end cap 30. When the motor 1s
connected to a gearbox which has a casing 90 to house gears
ctc. therein, the exposed outer end 52 of the bearing 50 may be
fixedly recerved 1in a through hole 92 of the casing 90 to
thereby align the casing 90 of the gearbox with the shait 70 of
the motor.

By the use of the two bearings being mounted from outside
of the end caps, the end caps can be clamped, directly or
indirectly such as by the use of the locking members, to the
core of the stator. The use of the outside mounted bearings
removes a lot of the stress on the connection between the end
caps and the stator core or housing by changing the direction
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ol any axial forces applied to the shait or rotor such that the
axial forces on the shafit, press one of the end caps against the
stator core through the bearing connection. Thus the axial
forces applied to the shatt place the connections between the
end caps and the stator core under compression instead of
tension. Thus the connection 1s able to withstand much higher
axial forces before failure.

In the description and claims of the present application,
cach of the verbs “comprise”, “include”, “contain” and
“have”, and variations thereof, are used 1n an inclusive sense,
to specily the presence of the stated item but not to exclude the
presence ol additional items.

Although the invention 1s described with reference to one
or more preferred embodiments, 1t should be appreciated by
those skilled 1n the art that various modifications are possible.
Therefore, the scope of the invention 1s to be determined by
reference to the claims that follow.

The mvention claimed 1s:

1. An electric motor comprising:

a stator core having first and second ends;

first and second end caps fixed with respect to the stator

core, each end cap defining a stepped hole having a large
section near an outer surface of the end cap and a small
section near an mnner surface of the end cap;

first and second ball bearings respectively fixed to the end

caps; and

a rotor 1nstalled 1n the stator, the rotor comprising a shaft

rotatably supported by the first and second ball bearings,
wherein the first and second ball bearings are fixed to the
large sections of corresponding stepped holes from out-
side of the end caps and cooperate with the shait to
axially clamp the end caps with respect to the stator core,
wherein the motor 1s connected to a gearbox which has a
casing, the casing having a through hole through which
the shatft extends, and

wherein the first ball bearing has one end being fixedly

received 1n the large section of the stepped hole of the
first end cap and an other end extending outwardly
beyond an outer surface of the first end cap to be fixedly
received 1n the through hole of the casing of the gearbox,
to thereby axially align the first end cap and the casing
with the shaft.

2. The motor of claim 1, wherein the stator core comprises
a yoke and a plurality of teeth extending inwardly from the
yoke, each tooth having a pole shoe which confronts the rotor,

the motor further comprising: windings wound about

respective teeth of the stator core; and

a plurality of locking members engaging the stator core and

the end caps to space the end caps from the stator core.

3. The motor of claim 1, wherein the rotor further com-
prises a fan attached to the shafit, the fan being disposed at one
end of the stator outside the corresponding end cap.

4. The motor of claim 3, wherein one end of the second
bearing extends outwardly beyond an outer surface of the
second end cap, and blades of the fan surrounds said end of
the second bearing.

5. An electric motor comprising:

a stator core having first and second ends;

first and second end caps fixed with respect to the stator

core;

first and second bearings respectively fixed to the end caps;

and

a rotor installed in the stator, the rotor comprising a shaft

rotatably supported by the bearings,

wherein the bearings are fixed to the end caps from outside

of the end caps and the bearings clamp the end caps to
the stator core,
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6

wherein each end cap defines a stepped hole which com-
prises a large section near an outer surface of the end cap
and a small section near an mner surface of the end cap,
the shatt of the rotor extending through the large section
and the small section which are coaxial with the shatft,
cach bearing being received 1n the large section of the
corresponding stepped hole,

wherein the stator core comprises a yoke and a plurality of

teeth extending inwardly from the yoke, each tooth has a
pole shoe which conifronts the rotor, the motor further
comprises windings wound about repective teeth of the
stator core and a plurality of locking members engaging,
the stator core and the end caps to space the end caps
from the stator core, and

wherein the locking members are eclongate pins with

grooves 1 opposite sides thereol and extend through
gaps between the pole shoes of adjacent teeth, circum-
ferential edges of the pole shoes being received 1n cor-
responding grooves of the locking members.

6. The motor of claim 5, wherein the locking members
extend from the first end cap to the second end cap, with
respective ends of each locking member engaging a corre-
sponding end cap.

7. The motor of claim 6, wherein the locking members have
at least one position slot cooperating with an axial end of the
pole shoes to position the pins in the axial direction of the
motor.

8. The motor of claim 7, wherein some of the locking
members are inserted into the stator from the first end of the
stator core and the remaining locking members are nserted
into the stator from the second end of the stator core.

9. The motor of claim 6, wherein the locking members have
locking holes, the end caps have through holes corresponding
to the locking holes and fasteners extend through the through
holes and engage with the corresponding locking holes.

10. The motor of claim 6, wherein the locking members
have locking holes 1n the axial ends thereot, the end caps have
through holes or locking posts corresponding to the locking
holes, and one of the locking holes of each locking member 1s
engaged with a locking post and the other of the locking holes
1s engaged with a fastener which extends through a corre-
sponding through hole.

11. The motor of claim 5, wherein the locking members
have locking holes 1n the axial ends thereot, and the end caps
have locking posts respectively disposed within the locking
holes.

12. The motor of claim 35, wherein the end caps have a
plurality of locating holes and the ends of the locking mem-
bers are respectively disposed 1n the locating holes.

13. An electric motor comprising:

a stator core;

first and second end caps fixed with respect to the stator

core, each of the first and second end caps defining a
hole;

first and second ball bearings respectively received 1n the

holes of the end caps;

a rotor 1nstalled in the stator, the rotor comprising a shaft

rotatably supported by the bearings, and

a gearbox having a casing fixed to the outer surface of the

first end cap,

wherein an end of the first bearing extends outwardly

beyond an outer surface of the first end cap and 1s fixedly
received 1n a through hole of the casing to align the
casing with the shaft, the first bearing having an opposite
end received 1n the hole of the first end cap to align the
first end cap with the shatft.
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14. The motor of claim 13, wherein the hole 1s a stepped
hole which comprises a large section near an outer surface of
the end cap and a small section near an inner surface of the end
cap, the shaft of the rotor extending through the large section
and the small section which are coaxial with the shaft, each 5

bearing being received 1n the large section of the correspond-
ing stepped hole.
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